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%y Motivation

Anisotropy and viscosity degraded waveform in amplitude, resulting
iIn which reducing of image resolution
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Theory of viscoacoustic RTM in TTI

v Derive the new approach of the viscoacoustic wave equation in
TTI media

v Explain the viscoacoustic RTM based on the constant-Q model

v Apply a suitable imaging condition for Q-compensated RTM
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Viscoacoustic wave eguation
INn TTI media
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“ts* Viscoacoustic wave equation in TTI media

There are two way to consider the anisotropic medium

1) Pseudo-acoustic wave equation 2) Pure acoustic wave equation
(Alkhalifah 1998) (Etgen and Brandsberg-Dahl 2009)

|

Acoustic wave equation in VTl media (Duveneck et al., 2008)

0.0y = pVE[(1 + 2€)d,u, + V1 + 250,u,]

0.0y = pVE[V1 + 280,uy + 0,u,]



Ys* Viscoacoustic wave equation in TTI media

2D viscoacoustic wave equations in TTI media(Fathalian et al. 2017)

—

(1+ 2¢) [ [(cosOcospd, — sinfd,)u,] @ + V1 + 25[(cospsinfd, + cosH&z)uz]]

0oy = pVp

0.0y = pV¥# [\/1 + 28[(cosBcos@d, — sinf0,)u,| +[(;—8)[(cos<psin96x + cos6d,)u,] @
o

1 1
0Ty = — T—rH + pV#((cosOcos@d, — sinBd,)u,) — . <1 — —)
o

o

1 1 T
Ocry = — T—TV + pV#((cospsinfo, + coseaz)uz) — (1 — —8>

o O' TO'
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Fourier transform to the frequency domain

Memory variable -

Fy=pV#((cosOcospd, — sinB0,)il,)

7,=pV# ((cospsinBo, + cos00,)il,)

Tgt(1-TeT5 1)
(iw+t51)

Tgt(1-TeT5 1)
(iw+t51)

After removing memory variable equations and some algebra

manipulation

iwdy = pVE [(1 + 2¢)

w?té +1

iwdy, = pVZ |V1 + 26[cosOcos@d, — sinfa,)il,] + (

<((1)2T8TO- +1) (wT.—wT,)

w?té +1

(w?T, 75 + 1) i(a)rg_a)ra)
w?t2 + 1 w?t2 + 1

) [cosBcos@ad,, — sinB0,)ii,]

+ V1 + 26[(cosesinf0, + COSHaZ)ﬁz]}

) [(cos@sinfd, + cos@@z)ﬁz]]



\'
N

5

Viscoacoustic wave equation in TTI media

AS

Transformed back to the time domain

0,0y = pV# l(l + 28)[((11 (2/A) + a,(2/AQ))[cosOcospd, — sin@@z)ux]] + V1 + 26[(cospsindd, + cosfd,)u, ]]

9.0y = pVg [\/1 + 28[cosOcos@d, — sinfd,)u,]| + (a,(2/A) + a,(2/AQ))[(cospsinfa, + cos@ﬁz)uz]]

2
, 1 1
2IA: Dispersion — dominated operator

2I1AQ: Amplitude attenuation — dominated operator

a, a, =0 or +1
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2D wavefield snapshots
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Viscoacoustic reverse time
propagation in TTI media
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‘ts* Viscoacoustic reverse time propagation

0.0y = pVa[(1 + 2¢) [((Z/A) - (Z/AQ))[COSHcosgoax — Sineaz)ux]]
+vV1 + 28| (cos@sinf0, + cosfd,)u, |]

0.0y, = pVE[V1 + 28[cosOcos@d, — sinfd,)u,]
+((2/4) — (2/4Q))[(cospsinfd, + cos0d,)u,]

Forward modeling

* + Attenuation
(Loss & Dispersion V Recorded data
i t 0 t -1 Time reversed
Backward propagation
: Time reversed data
Attenuation v
compensation 0 >

tl -t
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Imaging condition for Q-
compensated RTM
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“s Imaging condition

*

SA(x,z,t) = S(x,z,t)e %Xdown

e‘“Xdown RA(X, Z, t) = R(X, Z, t)e_aXupe_aXdown

R¢(x,z,t) = R4(x, z, t)et**up

Reflector

Source normalized cross-correlation imaging condition

J S4(x,z, )R (x, z, t)dt [[S(x,z,t)e~ X down][e T **upR(x,z,t)e " **ur e ~*Xdown] dt

A2 - e 20X downSA2(x,z t) dt
fS (x,2,1) dtf S(x,z,t)R(x,z,t)dt J (xzt)

[ S2(x,z,t)dt 13

I€(x,2) =
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Synthetic examples



%s 2D synthetic example (Layered model)

Depth (m)

Depth (m)

: m/s
0 True velocity (m/s )2500
- 2400
co0 12300
2200
2100
1000 |
2000
1900
1500 |
| ‘ : 1800
0 500 1000 1500
0 — 0.3
10.25
500
0.2
1000 |
0.15
1500 |

0.1

o

500 1000 1500
Distance (m)

) True Q — 100
190
180
500
£
L
a
O
0O 1000 |
1500 |
0 500 1000 1500
0 — 0.02
10.018
500
£ 10.016
L
g
g ol 0.014
0.012
1500 |

| ‘ ‘ 0.01
0 500 1000 1500

Distance (m)

15



'7s* 2D synthetic example (Layered model)

(a) Source wavefield (b) Receiver wavefield (c) RTM Image
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'7s* 2D synthetic example (Layered model)

(a) Source wavefield  (b) Receiver wavefield (c) RTMImage
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'7s* 2D synthetic example (Layered model)

(a) Source wavefield
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s 2D synthetic example (Layered model)
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‘7' 2D synthetic example (Marmousi model)

True velocity (m/s)

Distance (km)

Migration velocity

4
Distance (km)

Depth (km)

N =~ O

True Q

T
N,

- -

- R—

2 3 4 5

Distance (km)
Migration Q
3 4 5 6 7

Distance (km)

200
150
100
50

200
150
100
50

20



r{; 2D synthetic example (Marmousi model)
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v’ some spots of high symmetry axis

gradient produce large instabilities
and blows up the amplitudes of the
wavefield

In area with instability, the
anisotropy can be taken off around
the selected high gradient points
which set € = § to suppress artifacts
from the source point in an
anisotropic medium
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Yr 2D synthetic example (Marmousi model)
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Conclusions

« We have presented a viscoacoustic RTM imaging algorithm based on a
decoupled viscoelastic wave equation that is able to mitigate attenuating and
dispersion effects in the migrated images.

 The phase dispersion and amplitude attenuation operators in Q-RTM approach
are separated, and the compensation operators are constructed by reversing
the sign of the attenuation operator without changing the sign of the dispersion
operator.

« We found that source normalized cross-correlation imaging condition more

suitable, and only backward receiver wavefield is needed to compensated.

23
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